Introduction {#Sec1}
============

Chikungunya (CHIK) is an arboviral infection caused by the chikungunya virus (CHIKV), belonging to the family *Togaviridae* and genus *Alphavirus*. The disease derives its name from "*kungunyala*," the Swahili word for the characteristic stooped posture of patients with the disease due to their musculoskeletal symptoms.

The first detailed description of CHIK appeared in 1952 based on an outbreak in Tanzania \[[@CR1], [@CR2]\]. This outbreak was followed within a span of a few years by outbreaks in South East Asia and the Indian subcontinent \[[@CR3]\]. In India, the earliest major epidemic of CHIK was reported in 1963, in Kolkata, and a few epidemics continued thereafter to break out until 1973 \[[@CR4]\]. After 1973 there was a period of quiescence for 32 years, with no reports of CHIK from India until 2005, when there was a large-scale outbreak that began in the coastal regions of Andhra Pradesh and spread to involve approximately 16 states in India, including those in northern India as far as Delhi; a total of 1.25 million people were affected \[[@CR5]\].

Manifestations of CHIK range from a mild self-limiting fever with rash and arthralgia to severe crippling acute debilitating arthritis. Musculoskeletal symptoms may persist for 3--5 years in approximately 10--60% patients \[[@CR6]\]. The wide variation in the clinical presentation of CHIK may be the result of geographical diversity of viral strains due to the evolution of newer pathogenic strains of the virus, genetically mediated variations in the patient immune profile and/or a lack of uniform methodology in the diagnosis of CHIK and the incomplete and heterogeneous follow-up of patients in published reports \[[@CR7]--[@CR10]\].

The pan global resurgence of CHIK epidemics with their devastating economic and social impacts on developing countries in general and their overburdened health care systems in particular have been major factors in driving scientists to undertake extensive research into the evolution of CHIKV and the factors affecting the prolonged morbidity caused by this virus, with the aim to develop newer strategies to tackle this medical menace to humanity.

This review is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.

Epidemiology {#Sec2}
============

Historically, CHIK was described as early as 1779 by Dr. David Bylon who himself had contracted the disease. The earliest detailed description of CHIK in the literature was given by Robinson \[[@CR1]\] and Lumsden \[[@CR2]\] in 1952 regarding an outbreak in the Makonde plateau along the border of Tanzania. Outbreaks were subsequently reported from the Philippines (1954, 1956 and 1968), Thailand, Cambodia, Vietnam, India, Myanmar and Sri Lanka \[[@CR3]\]. In India, major epidemics of CHIK were reported in 1963 in Kolkata, in 1965 in Pondicherry, Tamil Nadu, Andhra Pradesh, Madhya Pradesh and Maharashtra and again in 1973 in Maharashtra (Fig. [1](#Fig1){ref-type="fig"}). A distinctive feature of CHIKV is that it causes explosive outbreaks before apparently disappearing for several years to decades. Also, unlike dengue fever, with CHIK the dearth of asymptomatic infections leads to high attack rates which often overwhelms the health care system, as exemplified by the resurgence of CHIK in 2005 in the islands of Madagascar, Mauritius and Reunion Island \[[@CR11]\]. In January 2006, there was a large CHIK epidemic in Reunion Island involving around 35% of the entire population followed quickly by another one in India \[[@CR12]\]. CHIK is believed to have originated in Africa where it was maintained in 'sylvatic cycles' involving wild primates and forest dwelling mosquitoes, such as *Aedes furcifer*, *Ae. luteocephalus*,*Ae. africanus* or *Ae. taylori* \[[@CR8], [@CR9]\]. It was subsequently introduced into Asia where it is transmitted from human to human mainly by *Ae. aegypti* and, to a lesser extent, by *Ae. albopictus* through an urban transmission cycle \[[@CR9]\]. Humans act as vertebrate amplification hosts and reservoirs during epidemics, while monkeys, rodents and birds serve as reservoirs during the inter-epidemic periods \[[@CR10]\]. Four different lineages have been identified based on genotypic and antigenic characteristics: The West African lineage, the East, Central and South African (ECSA) lineage, the Asian lineage and the Indian Ocean (IO) lineages, with the latter being monophyletic descendants of the ECSA \[[@CR7], [@CR11]\].Fig. 1Countries which have reported the occurrence of Chikungunya (both recently and historically).Source U.S. Centers for Disease Control and Prevention website. <https://www.cdc.gov/chikungunya/geo/index.html>. Accessed 1 July 2018

The first recorded CHIK outbreak in India was in Kolkata in 1963. This was followed by epidemics in Tamil Nadu, Andhra Pradesh and Maharashtra in 1964--1965 and in Barsi in 1973 \[[@CR13]\] and then by a period of quiescence when CHIKV seemed to have disappeared from India. After a gap of 32 years, the virus re-emerged in 2006 and wreaked havoc in India by causing an epidemic that involved more than a million people across 16 states, ranging from the southern states of Kerala, Tamil Nadu, Andhra Pradesh, Karnataka, Maharashtra, Madhya Pradesh and Gujarat to more northern regions such as Delhi. A mutation found in the E1 protein of CHIKV (A226V) removes the requirement of this virus for cholesterol in the cell membrane (cholesterol dependence) for virus fusion, resulting in better viral uptake, replication and transmission by *Ae. albopictus*, which has a wider geographical distribution than does *Ae. aegypti* \[[@CR12]--[@CR14]\]. Additional adaptive mutations have also been identified in CHIKV that involve E2 and E3 substitutions; these enhance the initial infection of the *Ae. albopictus* midgut by CHIKV leading to greater vector competence \[[@CR47]\].

After 2006, suspected cases of CHIK have reported from many states across India. Around 28,000 suspected CHIK cases were reported in 2015. In 2016 and 2017 there was a large upsurge of CHIK cases, with 64,057 cases in 2016 and 62,268 cases in 2017 reported from different parts of the country \[[@CR15]\].

Etiology {#Sec3}
========

Chikungunya virus {#Sec4}
-----------------

Chikungunya virus was first isolated in Tanzania by Ross and colleagues \[[@CR48]\]. It is an arbovirus that belongs to the genus *Alphavirus* in the *Togaviridae* family. The virus has a diameter of 60--70 nm, a positive-sense, single-stranded RNA genome with 11,438 nucleotides and a phospholipid envelope with hemagglutinin protein spikes \[[@CR16], [@CR17]\].

Host and the Vector {#Sec5}
-------------------

Two different transmission cycles exist for the CHIKV, namely the sylvatic cycle seen mainly in Africa and the urban cycle that was initially seen in Asia but is also now found in Africa. CHIKV is maintained in nature by the sylvatic cycle, with monkeys, rodents, baboons and birds serving as reservoir hosts. Human beings replace these wild animals as reservoirs during periods of epidemics \[[@CR10]\] The most effective vector for human transmission is *Ae. aegypti* \[[@CR18]\], while *Ae. furcifor*-*taylori* is the predominant species for transmission in animals \[[@CR18]\]. Although *Ae. albopictus* is readily infected by CHIKV, its transmissibility is low \[[@CR19]\]. However a mutation found in the E1 protein of CHIKV (A226V) has enabled this virus to eliminate its cholesterol dependence, thereby achieving better viral uptake, replication and transmission by *Ae.. albopictus*, which has a wider geographical distribution than *Ae. aegypti*. This led to an explosive outbreak of CHIK in the Indian Subcontinent post 2006 \[[@CR20]\]. The vector competency of *Ae. albopictus* has also been enhanced by adaptive mutations in CHIKV involving E2 and E3 substitutions which enhance the initial infection of the *Ae. albopictus* midgut by CHIKV \[[@CR47]\].

The persistence of the CHIKV virus in urban cycle is thought to be the result of the continuous introduction of CHIKV to immunologically naive populations. Vertical transmission from an infected mother to her infant has been described during the epidemic in the Reunion Islands. The greatest risk for this transmission appears to be during birth \[[@CR21]\]. An unusual characteristic of CHIK infection is its periodicity, with intervals of quiescence, sometimes extending up to decades. Possible explanations for this phenomenon seems to be variations in herd immunity, genomic alterations in the virus and ecological factors associated with urbanization, migration and deforestation. Outbreaks are most likely to occur in the post-monsoon period when the vector density is very high, a factor which accentuates the transmission.

Pathogenesis {#Sec6}
============

After subcutaneous inoculation through the bite of an infected mosquito, CHIKV disseminates through the lymph nodes and microvasculature. The entry of the virus into the lymph nodes is facilitated by the Langerhans cells. The primary sites of viral replication are the liver, spleen and lymph nodes, thus allowing an efficient viraemia. The acute phase of the illness involves viral replication followed by an efficient inflammatory response in the target tissues utilizing macrophages (the main component) along with neutrophils, lymphocytes and NK cells. The resulting rise in pro-inflammatory cytokines and chemokines at the infection site, local tissues and systemic circulation is responsible for the systemic manifestations, such as fever, myalgia and arthralgia \[[@CR5]\]. The secretion of metalloproteinase (MMP) in the joint tissues also contributes to the articular damage. Persistence of the virus or its products in the target cells and the resultant accumulation of inflammatory mediators, such as interleukin-6 (IL-6) and granulocyte-macrophage colony-stimulating factor (GM-CSF), contribute to persistent symptoms and chronic arthritis.

CHIKV, similar to other arboviruses, are potent inducers of interferon (INF) which in turn inhibits viral replication. Macrophages, which are a major source of INFs, are readily infected by the CHIKV and they play a pivotal role in several cellular responses, as shown in experimental studies, and in the responses of both the Th1- and Th2-type cytokines to CHIKV \[[@CR22], [@CR23]\]. It is hypothesized that type 1 IFNs mediate antiviral response while type II IFNs (IFN-γ), which are produced in the early stages of CHIKV infection, further promote the transition from innate to adaptive immunity \[[@CR24]\]. It has also been shown that CD4 + T cells induced by CHIKV infection are the major producers of IFN-γ and that Th1 cells are likely responsible for a skewed production of immunoglobulin (Ig) G2 antibodies by B cells in response to IFN-γ \[[@CR25]\]. IL-13, which is an important immunomodulatory cytokine, also induces B-cell proliferation and IgE switching and has been speculated to be associated with persistent arthritis in CHIKV \[[@CR26]\].

Clinical Features {#Sec7}
=================

Clinical manifestations of CHIK are variable, ranging from asymptomatic infection in a minority of patients to severe crippling debilitating illness. Manifestations are often of acute onset, developing after an incubation period of 4--7 (range 2--12) days. The disease is self-limiting in the majority of patients, with the symptoms disappearing within 7--10 days. Viraemia may persist for 5 days from the onset of symptoms \[[@CR27]\].

A clinical triad of 'fever, rashes and arthralgia' is suggestive of CHIK fever. Fever is typically abrupt in onset and usually lasts for 4--5 days. It may be either high grade or low grade and can be associated with chills and rigor. In a study by the authors involving 150 patients with CHIK, fever subsided within 2 days in 43.8% of patients and in 3--5 days in 49.2% \[[@CR28]\]. In around 30% of patients, fever may return back after subsiding for 1--2 days, giving a classic saddle back pattern \[[@CR29]\].

Polyarthralgia begins 2--5 days after the onset of fever and is mostly symmetrical, involving predominantly the distal joints including wrists, ankles and small joints of hands \[[@CR7]\]. Arthritis may sometimes involve the large joints, such as the knee and shoulder. CHIK arthritis has also a predilection to affect both early and more severely those joints previously damaged due to trauma or degeneration \[[@CR27]\]. The joint pain is particularly devastating in terms of severity, almost immobilizing the patient and at times even preventing sleep during the first few days of the illness. The severe pain leads to the characteristic stooped posture from which the disease derives its name. Joints are extremely tender to touch in many patients \[[@CR30]\]. The arthritis persists for varying periods of time. In the pervious study conducted by the authors, the arthritis resolved within 1 week in 25% of patients and within 1 month in 60% \[[@CR28]\]. The most common joints affected in that patient population were the ankle (98%) and small joints of hands (93%) \[[@CR28]\]. Periarticular soft tissue swelling with or without tenderness is a common feature of CHIK arthritis and close to 90% patients in the authors' study had this manifestation; spine and sacroiliac joints were rarely involved although 21% patients had history of low back ache at disease onset \[[@CR28]\].

Arthritis associated with CHIK is generally a self-limiting disease. However, in a small percentage of patients, long-term sequelae can be seen, ranging from episodic stiffness to persistent stiffness and restriction of movements \[[@CR27]\]. In the authors' previous study, the most common joints affected with chronic arthritis were the ankle (63%), followed by the knee (55%) and small joints of the hands (50%) \[[@CR28]\]. Tenosynovitis was present in 5% patients with chronic arthritis. Apart from chronic arthritis, CHIK can evolve or precipitate rheumatoid arthritis, as was noted by the authors in 5% of patients on follow-up \[[@CR28]\].

Dermatological manifestations are a prominent feature of CHIK fever. Transient maculopapular rash may be seen in approximately 50% patients \[[@CR27]\]. Nasal blotchy erythema, centrofacial hyperpigmentation, lichenoid eruptions, hyperpigmentation in photodistributed areas and exfoliative dermatitis are other dermatological manifestations observed \[[@CR27]\]. In the authors' previous study, rash was present in 68% patients, which was erythematous (45%), macular (42%) and papular in pattern (20%) \[[@CR28]\]. An unusual centrofacial rash was observed in 21% patients, which began as an erythematous rash at the tip of the nose and malar eminences and later became hyperpigmented, resembling the malar rash of systemic lupus erythematosus. Desquamation of ear lobules, palms and soles was observed in 26% of patients, and pruritus with or without rash was seen in 29% \[[@CR28]\]. Mucosal lesions in the form of aphthous ulcers, lip ulcers and glossitis were also observed \[[@CR28]\].

Other systemic manifestations of CHIK include headache, asthenia, myalgia, vomiting and lymphadenopathy \[[@CR28], [@CR31]\]. Although alphaviruses are notorious in causing neurological manifestations, neurological complications are not common with CHIK infection.

Vertical transmission from infected mothers to the fetus may occur, especially if the mother is viraemic during the perinatal period \[[@CR32]\]. Manifestations are usually mild in these cases, with fever, irritability and bullous dermatitis \[[@CR7], [@CR27]\].

Diagnosis {#Sec8}
=========

Laboratory Diagnosis {#Sec9}
--------------------

As there is considerable overlap between the clinical manifestations of CHIK and those of other viral fevers, such as dengue, laboratory diagnosis is crucial in differentiating the doubtful cases to initiate public health measures and to provide clinical clues (Table [1](#Tab1){ref-type="table"}).Table 1Clinical clues which help to differentiate Chikungunya and Dengue feverClinical featureChikungunyaDengue feverHigh feverPresentPresentMyalgiaLess commonMore commonArthralgiaMore commonLess commonRetro-orbital painLess commonMore commonCharacteristic pattern of rashCentrofacial hyperpigmentationErythematous maculo-papular "White Islands in Red Sea"DesquamationMore commonUnlikelyBleeding manifestationUncommonMore commonHypotension/shockUncommonMore commonLeukopeniaLess commonMore commonNeutropeniaLess commonMore commonLymphopeniaMore commonLess commonThrombocytopeniaLess commonMore commonRaised ESR/CRPMore commonLess commonLiver enzymes SGOT/SGPTMild elevation (100--200 IU/L)Moderate elevation (100--500 IU/L)SerologyIgM CHIKIgM DenguePCRCHIK RT-PCRDengue RT-PCR*ESR* Erythrocyte sedimentation rate,*CRP* C-reactive protein,*SGOT* serum glutamic oxaloacetic transaminase,*SGPT* serum glutamic pyruvic transaminase,*Ig* immunoglobulin,*CHIK* Chikungunya,*RT* reverse transcriptase

Routine blood tests reveal lymphopenia consistent with that of a viral fever. However, thrombocytopenia is not a prominent finding and its presence would help to differentiate CHIK from dengue fever \[[@CR27]\]. Also, the erythrocyte sedimentation rate and acute phase reactants, such as C-reactive protein, would show moderate to marked elevation in CHIK, unlike dengue and other viral fevers. Mild elevations in liver enzymes, such as like serum glutamic oxaloacetic transaminase and serum glutamic pyruvic transaminase, are seen in CHIK infections. Similar patterns were observed by the authors in their study on 150 cases of CHIK in a tertiary care hospital \[[@CR28]\].

Definitive laboratory diagnosis can be accomplished through three main laboratory tests: virus isolation, serological test and PCR analysis \[[@CR27]\]. Specimens used are blood or serum, or cerebro-spinal fluid in the case of meningoencephalitis.

### Virus Isolation {#Sec10}

Virus isolation is the gold standard test for diagnosis, but the result is only available after several days, and the virus can only be isolated in specialized biosafety level III laboratories due to the risks of transmission involved. The technique involves exposing specific cell lines or infant mice to samples from whole blood and identifying CHIKV-specific responses. Positive results depend on a multitude of factors, such as proper sample collection and cold chain maintenance during transport to these laboratories \[[@CR27]\].

### Serological Test {#Sec11}

Sero-diagnosis relies on the ability to demonstrate a fourfold increase in CHIK IgG titre between the acute and convalescent phase sera or to detect IgM anti CHIKV antibodies in acute phase sera, in the absence of concurrent circulation of other agents producing a similar disease syndrome (in which case CHIKV infection would have occurred up to months earlier and another infection may be the current infection). IgM anti-CHIKV antibodies are elevated in the blood of infected patients as early as at 5 days of infection and they remain elevated for 3--6 months \[[@CR27], [@CR33]\]. Anti-CHIKV IgG is detectable only after 2 weeks of infection and remains elevated for 6 months.

Capture enzyme-linked immunosorbent assays (ELISA) and immune-chromatographic tests are two common techniques for estimating CHIKV titres in blood \[[@CR33]\]. The ELISA is generally quite specific for CHIKV, but plaque-reduction neutralization is the gold standard for serology.

### Nucleic Acid Detection---PCR {#Sec12}

Early diagnosis of CHIKV is possible by nucleic acid detection techniques, such as reverse transcription (RT) PCR and real-time loop-mediated isothermal amplification (RT-LAMP) methods \[[@CR7], [@CR34], [@CR35]\].The advantages of RT-LAMP is that it does not require a PCR instrument as the assay is carried out in a water bath \[[@CR35]\].

The use of cytokines and other biomarkers to aid in the diagnosis of CHIK infection is hampered by the lack of validation and heterogeneity in the cytokine response across various populations \[[@CR7]\].

Diagnostic Criteria for CHIK Infection {#Sec13}
--------------------------------------

A [probable or suspected case]{.ul} is defined as a patient who meets the clinical criteria only. A [confirmed (definitive) case]{.ul} is defined as a patient who meets both the clinical and laboratory criteria \[[@CR27]\].

### Clinical criteria {#Sec14}

The clinical criteria for diagnosing CHIK infection include acute onset of fever and severe arthralgia/arthritis with or without skin rash and residence in an epidemic area or having been in and subsequently having left an epidemic area 15 days prior to onset of symptoms.

### Laboratory criteria {#Sec15}

The laboratory criteria include at least one of the following results from tests performed in the acute phase of illness.Virus isolation/presence of viral RNA by RT-PCR.Presence of virus specific IgM antibodies in single serum sample collected in the acute or convalescent stage.Fourfold increase in IgG values in samples collected at least 3 weeks apart.

Management {#Sec16}
==========

Management of CHIK is usually supportive with adequate rest, hydration, antipyretics and analgesics (nonsteroidal anti-inflammatory drugs \[NSAIDs\]). To date, no vaccines have been approved for the prevention of CHIKV infection \[[@CR7]\].

Chloroquine phosphate (CQ) has been used effectively to manage CHIKV arthritis \[[@CR36]\]. In a previous study, the authors used hydroxychloroquine (HCQ) to treat patients with chronic CHIK arthritis, with 79% of patients showing a good response \[[@CR28]\]. A 24-week, two-arm parallel efficacy trial comparing CQ and meloxicam did not show any significant difference in efficacy between the two drugs \[[@CR37]\]. A very recent randomized controlled trial compared combinations of disease-modifying anti-rheumatic drugs (DMARDs), namely, methotrexate, sulfasalazine, and HCQ with HCQ monotherapy, and found better efficacy with DMARDs \[[@CR38]\]. Ganu et al. found good response with a combination of sulfasalazine and methotrexate compared to sulfasalazine alone in patients with chronic persistent CHIK arthritis not responding to NSAIDs and HCQ for 3 months \[[@CR39]\].

A recent article on CHIK mentioned the use of a low-dose steroid regime (\< 0.5 mg/kg deflazocort) with rapid tapering over 6 weeks for the management of acute CHIK infection. The same was used 1 week after NSAID use after the period of viraemia was over \[[@CR7]\]. In their previous study, the authors had used low-dose steroids in 9% patients in whom the symptoms were severe and not controlled on NSAIDs and/or HCQ \[[@CR28]\]. The French Infectious Disease Society recommends the use of NSAIDs and low-dose steroids as initial options for post-acute and chronic CHIK infections with the option of methotrexate in patients not responding to initial therapy \[[@CR40]\].

The role of DMARDs in acute CHIK arthritis is uncertain. HCQ takes weeks to produce its effect, by which time the arthritis has resolved in the majority of patients. Also, the majority of DMARDs have a COX-2 inhibitory action and may themselves induce NSAID-like effects if used early in the disease course before the arthritis self-remits \[[@CR7]\].

In one study, ribavarin 200 mg twice daily for 1 week was tried on ten patients with chronic CHIK compared to placebo, with some effect \[[@CR41]\]. Other promising molecules reported to have some efficacy in CHIK are bindarit \[[@CR42]\], an inhibitor of monocyte chemoattractant protein-1 (MCP-1), inhibitors targeting the mannose-binding lectin (MBL) pathway of the complement system \[[@CR43]\] and beclin, which is an autophagy-inducing peptide \[[@CR44]\]. Other potential drugs with anti-CHIK action are niclosamide, nitazoxanide and suramin, all of which inhibit virus entry, fusion, binding and cell-to-cell transmission \[[@CR45], [@CR46]\].

Challenges for Future {#Sec17}
=====================

Chikungunya infection is an important threat to mankind in view of the pronounced, long-lasting musculoskeletal morbidity and loss of productivity caused by it. A greater understanding of the pathogenesis and recognition of novel markers implicated in the viral persistence and progression of the disease into disabling arthritis is a realistic goal. Newer research avenues with the development of preventive strategies would go a long way to tackle this menace.
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